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Abstract— Objective: To investigate the influence of ferrule 
height on the crown mechanical resistance and stress distribu-
tion through the root and luting cement to explain restoration 
lose and root fracture pattern.  Material and methods: A three 
dimensional model of an adult maxilla and root of incisor tooth 
were developed from a Computed Tomography scan images. 
Periodontal ligament, luting cement, crown and custom post 
were reconstructed on the computer. A static load of 50N was 
applied to the crown at 70° to the occlusal plan. Results: Design 
with no ferrule had the most crown displacement and 2mm 
ferrule had the least. Also 2mm ferrule design had the lowest 
root and luting cement stress. Conclusion: The study suggests 
that a ferrule increases mechanical resistance of crown. Fur-
thermore, a ferrule decreases stress in dentin and luting ce-
ment; consequently, the fracture and losing restoration risk 
decline. 
Keywords— Ferrule effect, Post, Finite Element Analysis, 
Endodontically treated teeth, root fracture. 
I. INTRODUCTION  
There is a continuously high demand for the restoration 
of endodontically treated tooth as a result of trauma,  deep 
decay or for restoration [1]. In endodontic treatment, pulp is 
removed and a post is placed inside the tooth. The purpose 
of the post which is placed in an endodontically treated 
tooth is to retain a core in the tooth with extensive loss of 
coronal tooth structure [2, 3].  Custom cast  posts were used 
for many decades [4] and some studies reported a high suc-
cess rate for them [5, 6, 7].   
A dental ferrule is an encircling band of cast metal 
around the coronal surface of the tooth. It has been pro-
posed that the use of a ferrule as part of the core or artificial 
crown may be of benefit in reinforcing endodontically treat-
ed teeth [8]. “Ferrule effect” is defined by a 360-degree 
metal crown collar surrounding parallel walls of dentine and 
extending coronal to the shoulder of the preparation [9]. 
Several studies have shown the ferrule design affects the 
pattern of root fracture in restored teeth and improve frac-
ture resistance [10, 11, 12, 13, 14, 15] and ferrule height is 
critical factor to mechanical resistance [9, 16]. 
The purposes of this study were to reconstruct the maxil-
la and an endodontically treated maxillary incisor tooth 
from Computed  Tomography (CT) scan images of a real 
patient and investigate the effect of ferrule height on me-
chanical crown resistance and the stress distribution on the 
root and luting cement by Finite Element Analysis (FEA). 
II. MATERIAL AND  METHOD 
A three dimensional (3D) model of an adult maxilla and 
root of incisor tooth were developed from a CT scan image 
set of 98 slices, with 1mm slice thickness. Using an image 
processing software package (Mimics, Materialise NV, 
Leuven, Belgium) and based on the Hounsfield Unit, corti-
cal and cancellous bone were separated and modeled. 3D 
model of a custom post, luting cement and crown were 
created in a commercially 3D modeling software (Solid-
Works 2009, Dassault Systèmes, USA) on the basis of root 
geometry as shown in Fig. 1 Post was designed with 10mm 
length inside the root canal. Periodontal ligament (PDL) 
was modeled based on root shape of the tooth with a thick-
ness of 0.25mm [17] and subtracted from the volume of the 
cortical and cancellous bone. To compare different heights 
of ferrule, five models were developed: no ferrule, 
0.5mm,1mm, 1.5mm and 2mm ferrule height (Fig. 2).  
A commercially available FEA software (CosmosWorks 
2009, Dassault Systèmes, USA) was used for static analysis 
of the model.  The models were meshed using 0.5 mm para-
bolic tetrahedral elements with an average number of 
547500 elements and 759150 nodes per model. A 50 N 
static load was applied lingually to the middle of lingual 
surface of the crown at 70˚ to the occlusal plan (Fig. 1) to 
simulate masticatory force. . In order to maxilla has no 
movement, the models were fixed on the outer surface of 
the maxilla with no rotation or translation allowed.  
Several studies reported that dentin in endodontically 
treated teeth were more brittle than dentin in teeth with 
pulps [18, 19]. However, some other studies showed that the 
mechanical properties of endodonticed and normal dentin 
were comparable [20, 21]. In this study, dentin for the en-
dodontically treated model was assigned with the same 
mechanical properties as the dentin in teeth with pulp and 
all materials were assumed to be homogenous, isotropic and 
linear elastic. The mechanical properties of the various 
simulated components were assigned according to Table 1. 
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Fig. 1 Image of no ferrule model showing components and applied force 
 
 
Fig. 2 Five models with different dentin ferrule height 
 
Table 1 Mechanical properties of the components used in FEA models 
Material Elastic Modulus (MPa) Poisson’s ratio 
Cortical Bone [23] 13700 0.3 
Cancellous bone [23] 1370 0.3 
Dentine [22] 18600 0.32 
Periodontal Ligament [24] 0.069 0.45 
Porcelain [25] 69000 0.28 
Gutta Percha [24] 140 0.45 
Luting cement [22] 18600 0.28 
Steel [22] 210000 0.3 
 
 
Fig. 3 The influence of ferrule height on average crown displacement 
III. RESULTS 
FEA method has been used and shown to be a useful tool 
when investigating complex systems that are difficult to 
standardize during in vitro and in vivo studies. VonMises 
equivalent stress and strain, were chosen as critical parame-
ters for evaluation of the results obtained with FEA. Moreo-
ver, average value was used for stress and strain which is 
mean of magnitude of all elements. Crown displacement 
also selected to demonstrate mechanical crown resistance. 
To calculate average crown displacement, the mean dis-
placements of all elements of crown were considered. Fig. 3 
shows the average displacement of the crown. It demon-
strates that crown displacement was reduced by increasing 
ferrule height. Crown displacement has reverse relation with 
mechanical resistance. It means that 2.0 mm ferrule is the 
most mechanically resistant design and no ferrule is the 
least.    
In order to accurately read and explain stress and strain in 
the root and luting cement, the root was divided into seven 
sections with the thickness of 2 mm (Fig. 4A) and luting 
cement divided into ten sections with the thickness of 1mm 
(Fig. 4B). 
Fig. 5 illustrates that average strain at cement – dentin in-
terface for all models decrease along the root to approxi-
mately around middle length of the cement (mid-cement) 
after which is increased and in apical area was the maxi-
mum. From cervical towards apical side, for the first 4mm, 
cement of no ferrule design tolerated the highest strain 
while with increasing ferrule height, the magnitude of strain 
was reduced. From mid-cement till apical area, there was no 
significant difference between cement strain of models. Fig. 
6 demonstrates that increasing ferrule height can slightly 
reduce magnitude of luting cement stress in the cervical area 
till approximately mid – cement. From mid-cement till 
apical area, there is no difference between deferent designs. 
Stress magnitude in all models slightly reduce from cervical 
margin to mid-cement area after that it remarkably increases 
up to apical area which its stress magnitude is almost twice 
of cervical area. 
Dentin stress at different sections was remarkably in-
creased in all models from cervical margin towards apical 
area except the last section (apical area) which was sharply 
decreased (Fig. 7).  The presence of a ferrule resulted in a 
marked declaim in the stress of dentin from cervical area till 
roughly middle of the root (Fig. 7) also increasing ferrule 
height results reducing dentin stress at the same area.  
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Fig. 4  Root sections (A) and luting cement sections (B) 
 
Fig. 5  Average strain at dentin – luting cement interface in different 
sections and for different ferrule heights 
 
Fig. 6  Average VonMises stress at denting – luting cement interface in 
different sections and for different ferrule heights    
 
 
 
Fig. 7 Average VonMises stress at the root in different sections and for 
different ferrule heights  
IV. DISCUSSION 
Experimental and numerical analysis methods have both 
been used to analyze the effects of post-core system. Since 
experimental methods may be too time consuming, expen-
sive and require sophisticated procedure with coarse results, 
numerical analysis provides an effective tool. For numerical 
analysis, finite element method (FEM) was normally em-
ployed. Several studies investigated stress distribution in 
endodontically treated teeth, using two dimensional (2D) 
FEM [26, 27] or three dimensional (3D) FEM [22, 23, 25]. 
Since the tooth structure is not symmetrical, 3D FEM will 
be more accurate and gives better results than the 2D meth-
od [28, 29].  
In this study maxilla of a real patient simulated and 3D 
FEM was exploited to achieve more precision. The results 
show that considerable differences exist with respect to 
root, cancellous bone and luting cement stress, luting ce-
ment strain and crown displacement between models with 
different ferrule height. The results of the crown displace-
ment (Fig. 3) confirm that a ferrule preparation increases the 
mechanical resistance of the crown.  
There was significant correlation between ferrule height 
and dentin stress. By increasing ferrule length declined 
average stress in dentin (Fig. 7); consequently the fracture 
resistance is increased. These results observed by other 
researchers experimentally and clinically [9, 10, 30, 31, 32).  
Luting cement plays an important role for load transfer 
and stability of the crown. Stress and strain of the luting 
cement causes breaking down of mechanical bonding of the 
cement and other materials, resulting in movement of the 
crown and microleakage of oral fluids which will accelerate 
the mechanical failure of the restoration. Results of this 
study illustrate that increasing ferrule height, decrease stress 
and stress in luting cement (Fig. 5 & Fig. 6); therefore lut-
ing cement in restoration with higher ferrule, has more resist 
to mechanical failure.  
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V. CONCLUSION 
The study suggests that a ferrule increases mechanical re-
sistance of crown. Furthermore, a ferrule decreases stress in 
dentin and luting cement; consequently, models with ferrule 
were benefited from low fracture and losing restoration risk. 
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